Abstract: Apical bud explant measuring 1.0 cm was excised from in vitro plant of Rosmarinus officinalis and cultured on MSBM fortified with cytokinin BAP (8.88µΜ) and auxins in different concentrations of IAA (2.85 µΜ, 5.70 µΜ, 8.5 5 µΜ, 11.40 µΜ, 14.25 µΜ) and 2,4-D (2.26 µΜ, 4.52 µΜ, 6.78 µΜ, 9.04 µΜ, 11.30 µΜ) respectively in order to induce callus MSBM + BAP (8.88 µΜ) + IAA (5.70 µΜ) was found to be the best medium for the induction and growth of whitish green compact callus from the apical bud explants of Rosmarinus officinalis when compared to the callus derived from MSBM + BAP (8.88 µΜ) + 2,4-D (4.52 µΜ). It was observed in the present study that MSBM and BAP (8.88 μΜ) with IAA (2.85 μΜ) was the most suitable medium for initiation shoots and multiple shoot formation from in vitro apical bud of R. officinalis. These axenic plants were hardened and successfully established in the field with 80% survival frequency.
Introduction
India is considered the "Ancient home" of perfumes and aromatic plants because it is blessed with a wide variety of soil and climatic conditions that supports enormous plant wealth.
India is one of 12 mega-biodiversity centres, along with two hot spots having diversed populations of plants with their wild relatives.
Out of 18,000 native higher plants found in India, only 1,500 species are known to contain odiferous principles.
Further, hardly 65 of these plants have large demand in world trade and are accordingly grown in different parts of the world [PARODA, 2000] . Due to excessive collection and exploitation has depicted the wild species of aromatic plants.
Therefore, it is imperative to attempt exploration, collection, maintenance, evaluation, multiplication and conservation of aromatic plants for the present and future use [SINGH, 2004] .
Rosmarinus officinalis L. (Rosemary)
belongs to the class Dicotyledon order Tubiflorae family Lamiaceae.
Rosemary is a native of Mediterranean regions of Europe, Asia Minor and North Africa.
Rosemary is grown in Spain, Italy, France, Algeria, Morocco and Portugal for its essential oil.
In India, Rosemary is cultivated to a limited extent in Nilgiris in South India.
The oil is valued for its use in culinary, medicine, perfumery and cosmetic industries.
Although these aromatic plants can be propagated vegetative, poor rooting ability of the stem cuttings, as well as lack of selected clones, restrain industrial exploitations.
Further, limited tissue culture work has been done on aromatic plants to date as suggested by [SEGURA and CALVO, 1991] and therefore, it is imperative to develop efficient protocols using.
Explants, such aromatic plants are gift of nature it should be protected and propagated [LEELAVATHI and KUPPAN, 2013] .
Material and methods
Apical bud explant measuring 1.0 cm was excised from in vitro plant of Rosmarinus officinalis and cultured ( Fig. 1 At the cut end of the explants callusing was observed (Fig. 2 ) after 25 days of culture on all the concentrations studied with varying frequency of response (30-95 %) ( Table 1 and Fig. 9 ). (Fig. 4) respectively. Amount of callus obtained was recorded and analyzed statistically ( Table 2) . Analysis of the results revealed that there exist highly significant differences between within treatments (Table 3) . After 42 days of subculture (Fig. 5) 3 to 5 shoot buds were observed only from whitish green compact callus on MSBM + BAP (8.88 µΜ) + IAA (2.85 µΜ).
After 56 days of subculture, 15-20 multiple shoot (Fig. 6) were observed.
20-30 multiple shoots were observed after 63 days of subculture (Fig. 7) .
These shoots developed roots when inoculated on rooting medium on MSBM fortified with BAP (8.88 µΜ) + NAA (2.68 µΜ) + IBA (4.92 µΜ).
After 28 days of culture the axenic plants are subjected to hardening (Fig. 8) .
Results and Discussion
The success of tissue culture protocols ultimately depends on the plant chosen, size of the explants, age and the manner in which it is cultured [GEORGE and SHERRINGTON, 1984] . Most of studies carried out on several plants reveal that seeds and juvenile tissues were utilized for in vitro multiplication than tissues from matured plants as suggested by [BONGA, 1987] Totipotency is potential of the cell or living protoplasm to form a complete organism when provided with ideal micro and macro environment which is specific to that particular cell or protoplasm and this forms the basis of tissue culture.
And greater developments in biotechnology as taken place because of tissue culture.
In the present study, in vitro vegetative propagated apical bud, R. officinalis was cultured on MS basal medium supplemented with various combinations and concentrations of growth regulators BAP, Kn, IAA, NAA, IBA and 2,4-D.
It was observed in the present study that the increase in concentrations of IAA to 8.55 µΜ and above ( Table 2 , Graph 2) resulted in decrease in amount of callus formation and it was also found that increase in concentration of 2,4-D to 6.78 µΜ decreased the amount of callus formation.
And so MSBM and BAP (8.88 μΜ) with IAA (2.85 μΜ) was most suitable medium for initiation shoots and multiple shoot formation from in vitro apical bud of R. officinalis.
This media was significantly superior when compared to other concentrations of growth regulators tested with respect to multiple shoot formation from apical bud.
This not agrees with findings of [GOLENIOW SKI, 2003] In the present observation it was found that higher concentration of BAP will not enhance multiplication and elongation of in vitro shoots raised from apical buds of field grown plants and also aseptic plant of Rosemary.
Conclusions
In the present investigation,MSBM + BAP (8.88 µΜ) + IAA (5.70 µΜ) was found to be the best medium for the induction and growth of whitish green compact callus from the apical bud explants of Rosmarinus officinalis when compared to the callus derived from MSBM + BAP (8.88 µΜ) + 2,4-D(4.52 µΜ).
